The lysozyme gene has been purified by molecular cloning from two chicken gene libraries. Several recombinant phages harbouring sequences homologous to a plasmid carrying a double stranded lysozyme cDNA have been isolated. One recombinant appears to carry an entire lysozyme gene. Electron microscopic studies show that the latter is split by at least three introns. The length of the gene is about 3.9 kb, 6 times longer than lysozyme mRNA.
INTRODUCTION
In the chick oviduct, the synthesis of a variety of proteins, which include ovalbumin, conalbumin, ovomucoid and lysozyme, is controlled by steroid hormones (1) (2) (3) (4) (5) (6) (7) . A comparison between the structure of these similarly regulated genes and the surrounding regions in the genome might provide clues regarding the genetic elements involved in their control. The ovalbumin gene has been studied in considerable detail. We (8) (9) (10) (11) (12) and others (13) (14) (15) (16) (17) have isolated fragments of this gene and shown that the mRNA coding sequences (exons) are interrupted by 7 intervening sequences (introns). More recently, the entire gene has been isolated in one piece (18) and features of its genomic environment have been described (19) . The structure of the lysozyme gene has not yet been analyzed to a similar extent. Nguyen-Huu et al. (20) , using the technique of Southern (21) , have recently shown that the lysozyrae gene is split by at least 3 introns. The isolation of the lysozyme gene would allow a detailed analysis of its structure, which could be compared to that of the ovalbumin gene and, perhaps, be correlated with the well known three dimensional structure of the lysozyme protein (22) . We report here the isolation of the chicken lysozyme gene by molecular cloning and its initial characterization. The gene is apparently 3.9 kb long and interrupted by three intervening sequences.
MATERIALS AND METHODS

-Cloning procedures
Libraries of recombinant phages were screened by in situ hybridization as described by Garapin et a_l. (10) . In the initial screenings, 10 000-12 000 phages were spread on 90 mm plates. Autoradiography was for 1 to 3 days, using flash activated Royal X-0 mat Kodak films and amplifying screens (10) . Recombinant phages were plaque purified three times and amplified. X-lys-1 was isolated from a chicken gene library constructed as follows (10) : the DNA arms of the phage vector XWES.XC were purified by sucrose gradient sedimentation, and recombined with size selected erythrocyte chicken DNA partially digested by EcoRI (about 6-12 kb long). Recombinants were packaged in vitro (23) . To amplify X-lys-1, plate stocks were made with the indicator strain 1106 (B03 r k m i. supE supF from Dr. K. Murray (24) )and used to infect C600 r,mT supE at a multiplicity of about 3 phages per bacterium. After 2.5 h at 39°C, infected cells were centrifuged, resuspended in a smaller volume, lysed with chloroform, and phages were purified as usual. X-lys-7 and X-lys-17 were isolated from an erythrocyte chicken DNA library constructed by Dodgson et aj.. , using X Charon 4A as a vector (25) . In this case, plate stocks were made, and used to infect indicator bacteria of strain 1106, starved in 10~2 M MgSO4, at a multiplicity of 0.5, after which cells were diluted to 5 x 10 7 cells per ml in L broth and grown until lysis. Phages (usually 2-5 x 10 10 per ml) were pelletted by overnight centrifugation in a Sorval centrifuge at 8 000 rpm in a GSA rotor, and the concentrated phage suspension was then purified by banding in a CsCl gradient as usual.
-Electron microscopy
Oligo dT-cellulose purified polyA containing RNA was prepared from oviduct of laying hens as described by Auffray, C. and Rougeon, F. (submitted for publication) and lys mRNA was obtained by preparative gel electrophoresis. RNA-DNA hybrids were formed at 54.3°C in 70 per cent deionized formamide, 300 mM NaCl, 10 mM Tris HC1, pH 8.5 and 1 mM EDTA. There was 10 yg/ml of oligo dT cellulose purified RNA or 3 pg/ml of purified lys mRNA and 1 yg/ml of heat denatured recombinant DNA or 3 yg/ml of EcoRI fragment a. Samples were mounted for electron microscopy and analyzed as previously described (10).
-Synthesis of probes
Total oviduct polyA containing RNA was copied with AMV reverse transcriptase and 32 P deoxynucleotide triphosphates (Amersham, 400 Ci/mM) as described by Rougeon and Mach (26) . The specific activity was about 10 8 cpm/yg.DNAs were nick translated with DNA polymerase I (Boehringer, Grade I) as described (27) . Specific: activities were in the range of 1-3 x 10" cpm/yg. DNA fragments to be nick translated were extracted from agarose or acrylamide gels by electroelution or by melting at 65°C in 10 to 20 volumes of 50 mM Tris-HCl pH 8 containing 1 mM EDTA and 0.15 M NaCl when using low gelling temperature agarose gels. In all cases the DNA was then adsorbed on a small DEAE-cellulose column,eluted with 1.5 M NaCl in Tris-EDTA buffer and concentrated by ethanol precipitation .
-Detection of DNA in agarose gels
Transfer of DNA fragments from agarose gels onto nitrocellulose filters (Schleicher and Schull BA 85) was carried out according to a modification (9) of the original technique (21) .
Hybridization was done in plastic bags and autoradiography was carried out as described above.
RESULTS
1 -Characterization of pBR-lys-1, a plasmld carrying a lyBOzyme cDNA sequence A plasmid carrying a double stranded sequence complementary to lysozyme (lys) mRNA (lys-ds-cDNA) was built by P.
Gerlinger, M. Le Meur, A. Krust and P. Chambon, and generously provided to us. The details of its construction will be publi-shed elsewhere. Briefly, lys-mRNA was purified by preparative gel electrophoresis. A ds-cDNA copy was synthesized, treated with SI nuclease to create blunt ends and ligated to pBR322 previously digested with Sail and repaired with DNA polymerase I. In this procedure, restriction sites for TaqI endonuclease should be generated on each side of the ds cDNA. Several recorabinant plasmids were isolated. It was shown by hybridization that one of these, pBR-lys-1, contains an extensive lys-ds-cDNA sequence.
A restriction map of pBR-lys-1 is shown in Fig. 1 . The restriction enzymes Aval, BamHI, Bgll, EcoRI, Hindlll, Kpnl, PstI, Pvull and Xbal do not cut within the cloned lya ds cDNA sequence. TaqI, HinfI and Haelll cut once. As expected TaqI sites were reconstituted on each side of the cloned ds cDNA, and new fragments of 130 and 340 bp were observed in TaqI digested pBR-lys-1. Therefore, the size of the inserted ds-cDNA is about 470 bp. This estimate was confirmed by electron microscopic measurements of R-loops formed between pBR-lys-1 and purified lys-raRNA or heteroduplexes between pBR-lys-1 and pBR322. Lengths of 460 + 45 nucleotides were obtained. Since lys-mRNA is about 650 nucleotides long (including a polyA tail, of about 70-100 nucleotides long) (28, 29) , up to 100 nucleotides of lys-mRNA sequence are missing in pBR-lys-1. Sippel et aj.. (31) have independantly isolated a similar plasmid, and their partial sequence data allow us to characterize pBR-lys-1 further : mapping of the asyraetric HinfI site in lys-ds-cDNA determines the orientation of the sequence coding for lysozvme as indicated in Fig. 1 . The HinfI site corresponds to aminoacid 54 of lysozyme, while the Haelll site is located in a non translated part of lys mRNA (30) . From these data, we infer that pBR-lys-1 probably lacks sequences homologous to both the 3' end of lys-mRNA ( in a non translated region) ant its 5 1 end (where the sequence coding for prelysozyme, the 148 aminoacids long precursor of lysozyme (31) is incomplete) (Fig. 1 ).
-isolation of the lysozvme gene from the chicken genome
We initially constructed a chicken gene library comprising 10 6 recombinants of AWES (32) and erythrocyte chicken DNA partially digested by EcoRI. It was screened in two steps : first, total oviduct polyA containing RNA was transcribed into 32 P labelled cDNA, and this complex probe was used to isolate recombinants carrying sequences complementary to the more abundant mRNAs present in the oviduct of laying hen. After in situ hybridization, the autoradiograms showed many spots of various intensities. The corresponding areas on the plates were picked and screened further with specific probes. We thus obtained several ovalbumin recombinants with the Hha ov probe (8-11) and one lysozyme recombinant, A-lys-1 with 32 P labelled pBR-lys-1. We later screened a chicken library constructed by J. Dodgson, D. Engel and R. Axel according to the method described by Maniatis et al. (33) . In brief, erythrocyte DNA fragments, about 15 to 20 kilobases (kb) long, produced by partial digestion with Haelll and Alul were cloned in A Charon 4A after addition of EcoRI linkers. Screening of about 700 000 recombinants with the pBR-lys-1 probe yielded several recombinant phages. Two of them, A-lys-7 and A-lys-17 were analysed further.
-Characterization of the recombinant phages
The DNAs of X-lys-1, X-lys-7 and X-lys-17 were digested by EcoRI and electrophoresed through agarose gels, in parallel with EcoRI treated chicken erythrocyte DNA. After transfer of the latter onto nitrocellulose filters (21) and hybridization to the pBR-lys-1 probe, two bands were revealed, corresponding to DNA fragments of about 7.2 and 2.6 kb long (see Fig. 5, lane  13) . These two fragments have also been observed by Nguyen-Huu et al. (20), who showed that they correspond to the 5' and 3 1 portions of the gene, respectively. X-lys-1 carries only one EcoRI'fragment of 7.2 kb. This fragment is also present in X-lys-17, together with other smaller DNA fragments among which the 2.6 kb EcoRI lys fragment could not be identified. In X-lys-7, however, both the 2.6 and the 7.2 kb fragments were present, as well as other EcoRI fragments which did not react with the lys probe. X-lys-7, therefore, presumably contains the entire gene. The DNA cloned in these three phages cover a 19 kb long region in the chicken genome ( Fig. 2A) .
A more detailed restriction map of X-lys-7 is shown in Fig. 2B . Digestion by EcoRI yields 6 fragments in addition to the X Charon 4A vector arms. Single and double digestions by BamHI, EcoRI, Hpal, Kpnl and Smal were used to map the 17 kb long cloned piece of chicken DNA. The two smallest EcoRI fragments (e and f, 0.7 and 0.5 kb long) and a small BamHI fragment (i) could not be localized in this way. They were isolated from acrylamide gels, nick translated, and used as probes in blotting experiments with various digests of X-lys-7 DNA.
-Structure of the lysozyme gene
Denatured X-lys-7 DNA was hybridized with purified lysmRNA or total oviduct polyA containing RNA. Electron micrographs showed that the double stranded DNA-RNA hybrid regions were interrupted by two large loops and a smaller one (Fig. 3A and B) . This demonstrated the existence of at least three intervening sequences in the lysozyme gene. 620 + 95 nucleotides, in good agreement with previous measurements (28, 29) . Hybridization with X-lys-1 or the purified 7.2 kb fragment showed only one loop and a free RNA tail of about 250 ± 60 nucleotides (Fig. 3C) . Since the 7.2 kb fragment carries the 5' part of the gene, this indicates that the smaller loop is closer to the 3' end. These electron microscopic data were then correlated with the restriction map in Fig. 2 , and this also confirmed the presence of introns in the gene : in blotting experiments using X-lys-7 DNA digested by various enzymes, EcoRI fragments a and c as well as BamHl fragments c and e hybridized to J2 P labelled pBR-lys-1. In double EcoRI-BamHI digests,three fragments of about 5.7, 2.6 and 1.5 kb hybridized (Fig.5 lanes 3, 6 and 7 ). There are no EcoRI or BamHl sites in our cloned lys-ds-cDNA (Fig. 1) . The presence'of a protruding single stranded DN.\ tail of 910 ± 240 nucleotides in the electron micrograph shown in Fig.  3C permits the positionning of exon 2 on the restriction map. Blotting experiments (not shown) further demonstrated that exon 1 is located between an SstI and a Haell site, and exon 2 between a BamHI site and another SstI -site as indicated in Fig. 4 . In addition, the analysis of TaqI digested EcoRI fragment a from X-lys-1 shows that two fragments of about 2.5 and 1.05 kb react with the pBR-lys-l probe. From the mapping data, one of these TaqI sites maps within or very close to exon 2. Since there is one TaqI site in lys-ds-cDNA which corresponds to aminoacid 34 of lysozyme, it is very likely that the corresponding site in the genome lies in exon 2 (Fig. 4) .
-Comparison of the cloned DNA sequence with erythrocyte and oviduct DNA
The structure of the lysozyme gene in genomic DNA was examined further, using Southern's technique,to assess the fidelity of the cloning procedure and to find out whether differentiation of the oviduct is accompanied by sequence rearran- gement. Erythrocyte, oviduct and X-lys-7 DNA were digested with BamHI, Bgll, EcoRI (Fig. 5) and SstI (not shown) and hybridized to the lysozyme probe. Bgll was selected because the entire gene is apparently contained in a 7-4 kb Bgll fragment which overlaps EcoRI fragments a and c of X-lys-7. Identical bands were observed in the three DNAs with all the enzymes except BamHI. In the cloned DNA, originally obtained from erythrocyte DNA, and in the oviduct DNA, the lysozyme gene is contained in two BamHI fragments of 5 and 7 kb (Fig. 5, lanes 1 and 6) . In the erythrocyte DNA examined here, only one fragment of 12 kb is observed (lane 11). Since the DNAs were obtained from three different animals, these results can easily be accounted for by polymorphic differences in the three genomes, rather than by major rearrangements. 10, 15 and 20) . The samples (10 \iq of chicken DNA or 2 ng of cloned DNA) were run in 0.7% horizontal agarose gels, transferred to nitrocellulose filters and hybridized to the nick-translated BamHI-Bgll fragment of pBR-lys-1 containing the cDNA sequence (shown in Fig. 1 ). Two gels were run, one containing samples of erythrocyte DNA and X-lys-7 DNA (on the right) and the other containing samples of oviduct DNA and X-lys-7 DNA (on the left). For hybridization the gels were cut in two and cellular DNA and cloned DNA filters were hybridized separately with 100 ng and 10 ng of probe respectively. The scales on each side represent the position of the EcoRI fragments of X DNA electrophoresed in the same gels.
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as in sperm DNA, that the lys-raRNA coding sequence is also carried by a 12 kb BamHI fragment. Thus we conclude that there are no significant structural differencesdetectable at this stage between the cloned sequence and genoraic DNA from the erythrocyte or the oviduct.
DISCUSSION
We have isolated, by molecular cloning, the lysozyme gene from the chicken genome. Two gene libraries were screened by in situ hybridization. We purified several recdmbinant phages which react with a lysozyme specific probe made from a recombinant plasraid, pBR-lys-1, which harbours 470 bp of lys-ds-cDNA. One library was screened in two steps : we first used a complex probe made by reverse transcription of total oviduct polyA containing RNA to identify a subset of recombinants corresponding ifco'.the most abundant mRNAs in the chick oviduct. Screening of this subset with labelled pBR-lys-1 yielded X-lys-1, which carries part of the lysozyme gene. Lys mRNA represents only 1 to 3 per cent of polyA containing RNA in the stimulated oviduct (34) . Thus,screening of an entire library with a complex probe can be used to obtain enrichment for genes homologous to relatively rare sequences in the probe.
By electron microscopy, we find three introns in the chicken lysozyme gene. However, introns of less than 50-100 bp and exons of less than 50 bp might not have been observed. In our earlier analysis of the ovalbumin gene we failed to observe the non hybridized 45 or 4 6 nucleotides long ov-mRNA leader sequence in DNA-RNA hybrids formed with purified mRNA and DNA lacking the corresponding exon (12) . When DNA carrying this exon was subsequently obtained, hybrids with the ov-mRNA leader sequence could be observed, but were unstable (18, 19) . Thus, a putative leader sequence of shorter size in lys-mRNA would have escaped analysis. Sequence determinations will be necessary to assess the absence of additional exons or introns.
If, as the present data indicate, the lysozyrae gene is about 3.9 kb long and contains only three introns, we find, as in the case of the ovalbumin and several other genes (35) (36) (37) (38) , an average of one intron per 200-300 bp of mRNA coding sequence, or one intron per every 1 to 1.5 kb of gene. The lysozyme and the ovalbumin genes appear otherwise different : in the case of ovabulrain (and gene Y (19)),the seven introns interrupt the 5" half of the mRNA. Six out of seven of these interrupt the mRNA sequence which codes for the protein, and there is no intron in the 3' untranslated part of the mRNA (8-12, 18, 19) . In lysozyme, in contrast, the smaller intron is located close to the 3' end of the gene, and was in fact localized by Nguyen-i:uu et al. in the 3 1 non coding part of lys raRNA (20, 30) .
Comparison between cloned erythrocyte DNA, total erythrocyte DNA and oviduct DNA has shown no detectable difference in restriction patterns (except for one restriction site, which can be explained by a polymorphic difference between animals). This suggests that the structure of the lysozyme gene is the same in differentiated and non differentiated cells. However, it cannot be ruled out that differences would be detected in a finer analysis. The structural identity of cloned and cellular DNA, as well as the consistent restriction maps of the three independant recombinants examined, also indicate that no artefactual rearrangement has occured during cloning.
In our electron microscopic analysis of X-lys-7, we used purified lys-mRNA as well as total oviduct polyA containing RNA, and found no evidence for hybridization of other mRNAs. Since mRNAs less abundant than lys-mRNA might not hybridize in our conditions, and since the region cloned around the lysozyme gene is relatively small, we cannot, at this stage, make a valid comparison of the genomic environment of the lysozyme gene with that of the ovalbumin gene. In the vicinity of the latter, we found two genes, X and Y, also expressed in the oviduct under hormonal control (19) . Genes X and Y share some sequence homology with the ovalbumin gene, and their existence could be suspected from the presence of minor bands hybridizing to the ovalbumin probe in blotting experiments. We detect no such minor bands in the case of lysozyme (Fig. 5) , but further analyses are needed to determine whether, as in the case of ovalbumin, a family of lysozyme related genes exists.
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